Abstract. A method has been developed whereby the second positive phototropism can be observed separately from the first positive and negative phototropic responses w-hioh also oocur in oat coleoptiles. Although the second positive phototropic response has often been referred to as the base response, photoreception for it is shown to occur mainly in the apical 3 mm of the coleoptile. The Bunsen-Roscoe reciprocity law, so typical of first positive phototropism, does not apply to the second positive responses, and the amount of curvature increa.ses linearly with the duration of the stimulus. However, although this linear proportionality between stimulus duration and response is the major factor determining response at all intensities tested, the inten,sity of the stimulus does influence the Tesponse somewhat. The action spectrum for the response shows no activity above 510 nm and 'has peaks at 375 and 450 nm. In all but one particular it closely resembles the aotion spectrum ifor the first positive phototropism, and it is conoluded that the same, or similar, pigments may well be the photoreceptors for both types of response. The identity of this blue light absorbing pigment is not known.
De-spite the availability of action spectra for the first positive phototropism in oats (15, 17) . the photoreceptor for this response has not been definitely characterized (9, 17) . Furthermore, the earlx experiments on phototropism demonstrated that in addition to first positive phototropic curvatures, oat coleoptiles also exhibit negative and second positive types of response (1, 4) . From a study of th-e doseresponse curves for phototropism in Avena and of theoretical models for these data, Zimmerman and Briggs (19, 20) suggested that Avena coleoptiles possess 3 different photoreceptor systems for the 3 types of phototropic response-first positive, negative, and second positive. If this be the case, then the photoreceptive pigment for the second positive type of curvature would he di'fferent from that for the first positive phototropism and might be identified from an action spectrum for the secolnd positive response. For this reason, and in order to characterize the little-known second positive response more clearly, the present experiments on second positive p)hototropism in coleoptiles of Are(nMa wer-e undertaken.
Although the second positive phototropic response, which occurs with large stimulus energies or long stimulus durations, has not beeli extensively studied, there are strong indications that the B3unsen-Roscoe reciprocity law, which holds for first positive phototropism, is not applicable to it (2, 5. 17) . This law states that the response depends only on the total ' Supported by a pre-doctoral fellowship from the NSF. ' Present address: Biological Laboratories, Harvard UTniversity, Cambridge, Massachusetts. energy of the light dose and is not influenced by the intensity, or duration of the stimtulus. Thimann and Curry (17) suggested that curvatures of the second positive phototropic type are determined mainly by the duration of the stimulus, and Bri.ggs (2) lprovided strong evidence for this hypothesis by showing that second positive responses of oat coleoptiles to stimuli of equal energy, delivered with various intensities of light, increased with increasin'g stimulus duration. Furthermore, when Zimmerman and Briggs ((20) subtracted the responses predicted by their theor-etical models for first positive and negative l)hototropism from their phototropic dose-response curves, the remaining responses, assume(d to be of the second positive type, increased linearly xvith stimulus duration and were not affected by a 10-fol(d vtariation in intensity. Unfortunately the overlap of first positive responces bv second positive otnes when low intensity light is used (1, 17, 19) has prevented a direct study of the characteristics of the second positive phototropic response. For this reason it seemiied essential to develolp a method of i' olating seconid positive curv7atures, and thuts to stuidv them alone. In this paper such a method is dlescril)ed and used to elucidate both some general properties of the system and its action spectruni.
Materials and Methods
Seeds of Aventa sativa var. Victory, obtained from the U.S.D.A. Branch Experiment Station at Aberdeen, Idaho, were husked and soaked for 2 hr in distilled water. The soaked seeds were planted individually on 1.5 % agar slanted in 1.5 ml vials, which were placed in deep petri dishes. covered to mainltaini a high humidity. The dishes were placed in a growth room maintained at 250 + 1°anid exposed to 22 to 24 hr of red light at a diistance of about 50 cim froin a 25 watt ruiby red bulb, where the intensity was abouit 1..5 X l 10 ergs Cm 2 sec-1.
This treatment comipletely inhibited the growth of the mesocotyl. The plants were then placed in a light-tight cabinet in the growuth roomii. At 70 to 72 hr from the time of soaking, when the coleoptiles were 2.5 to 3.0 cm tall, they were exposed to 1 to 2 hr of the same red light to bring the sensitivity changes caused by red light to a maximumi (5. 19) . Exposure to the stimulus followed this treatment.
The fig 3) , *) 6 ergs cMn2 sec'1 (10 I in  fig 3) , X ) 1.5 ergs cm-2 sec'l (2.5 I in fig 3) , Q) 0.6 ergs cm-2 sec'1 (I in fig 3) . In the action spectrum experiments, the initial dose was changed to 5700 ergs/Cm2, delivered in 100 sec, at 470 nm.
Characteristics of the Response. Authors have occasionally used the terminology "tip response" and "base response" in referring to first and second positive curvatures, respectively, to suggest that photoreception and response for the 2 types of phototropism occur in different regions of the coleoptile (18) . However, in the experiments of Arisz (1) and of Zimmerman and Briggs (19) only the apical 3 mm tips of the coleoptiles were stimulated, but nevertheless second positive responses were observed. Thus, as pointed out previously (17) , the term "base response" is inappropriate for second positive phototropism. In addition, the "base responses" observed with 260 to 330 nm light (7) shows the responses to the seconid doses at 5 initexisities, as a function of the logarithm of the total stimulus energy. All The action spectrum for second positive phototropisni was determined in the low intenisity stimulus region,^.where response increases with increasing intensity. Since the duration of the stimulus is the major factor determining the response, the durationis of the stimuli in all these experiments were held conistaint by using an initial high intensity stimulu.s of 100 sec, followed bv a second stimulus of 400 sec. 'lTo determine the effect of the intensity .~~~~~~~ greatly from the other values. the qjuantumll flux required for the standard response was determined by assuming that the slope of the line relating respoiuse to quantum flux through the point at 0.53 X quianta cmn ' secI wvas the average slope of 1:5.40/log unit.
In the action spectrum shown, the peaks fall at about 375 and 450 nm, and no activity is observed above 510 nm. The resem-blance of this action spectrum to the 1 for first positive phototropism in Avena (17) is striking, and the 2 are graphed together in figure 6 . In both action spectra the peaks in the near ultraviolet are based on observations at only a few wavelengths, so the details of thle shape in this spectral region are not well defined. Both action spectra have a valley at 400 nm, but above this point certain differences are discernible. In these experiments the minimum stimulus duration required for initiation of second positive phototropic bendinlg is 100 sec. Curry (5) The phototropic photoreceptor has not been identified from the action spectrum for first positive phototropism. The same must at present be the situation for the second positive photoreceptor. The problem has been discussed in detail in references (3) , (9) , and i (17) . Suffice it to say here that nieither type of pigment, flavin, or carotenoid, suggested as the photoreceptor. has an absorption spectrum precisely matching the action spectra. The idea, diEcussed by Briggs (3) and Thimanin (16) . that flavins and carotenoids iparticipate together in light absoription for the phototropic response is. indeed, reasonable, but proof for this or any othler theory is lacking.
The identity of the photoreceptor for blue-lightreactions such as phototropism is an im.portant minsolved question in plant physiology. Reactions witl action spectra similar to those for phototropisnm in oats are found tlhroughout the plant kinvgdom: a few examiples of such responses are phototropismii in Phycomitvces (6, 8) wvhose actioni spectrum is virtually identical wvith that for first positive phototropism in Avenia, photo-stimulation of respiration in Chlorella (11) with peaks at about 375 and 460 nm, light-stimulated carotenoid syinthesis in Fusariuina (14) and chloroplast phototaxis in Lemna (21) withi peaks at 382, 452, and 485 nm. In none of these has the photoreceptor been unequivocally identified. The experiments reported here add yet another response to the list of these blue-light-reactions and provide ani a(lditional reason for-contitnued efforts to identify this photoreceptor.
